Introduction
============

Depression is a common and disabling condition that affects people of all ages,^[@bib1],\ [@bib2]^ and about 10% of those aged 60 years or older.^[@bib3]^ Currently available antidepressant therapies lead to a significant improvement in symptoms, although nearly half of those treated fail to respond or respond only partly.^[@bib4],\ [@bib5]^ Increasing age has been implicated in treatment resistance,^[@bib4]^ as has the presence of cerebrovascular disease,^[@bib6]^ although such knowledge has not as yet led to more effective forms of treatment.^[@bib7]^

Genetic epidemiological studies have shown that high total plasma homocysteine (tHcy) increases the risk of depression,^[@bib8],\ [@bib9]^ possibly due to its association with higher risk of cardiovascular events in general,^[@bib10]^ and strokes in particular.^[@bib11]^ Indeed, observational data suggest that should the link between high tHcy and depression be causal, about 15% of all cases of depression in later life could be avoided by reducing tHcy.^[@bib12]^ The use of folic acid (vitamin B9) with or without vitamins B12 and B6 reduces tHcy by about 15--20%,^[@bib13]^ but has equivocal effects on the risk-reduction of secondary cardiovascular events^[@bib14]^ and of depression.^[@bib15]^ A noteworthy exception originated from a secondary analysis of a randomized trial of B-vitamins, which found that post-stroke patients assigned treatment with 2 mg of folic acid, and 25 mg and 0.5 mg of vitamins B6 and B12 experienced a 52% (95% confidence interval (CI), 95% CI: 24--69%) reduction in the hazard of depression over 7 years compared with people treated with placebo.^[@bib16]^ Taken together, these results suggest that clinical benefits of B-vitamins may only become apparent after their prolonged use (years rather than weeks) or, alternatively, that the lowering of tHcy by B-vitamins is insufficient to change the outcomes of patients.

High tHcy promotes endothelial dysfunction and facilitates platelet activation,^[@bib17]^ suggesting that antiplatelet therapy could potentially minimize its atherogenic effects. Aspirin is the most widely used and effective antiplatelet treatment currently available,^[@bib18]^ and a recent sub-analysis of the VITAmins TO Prevent Stroke (VITATOPS) trial suggested that aspirin overrides any beneficial effects of lowering tHcy with B-vitamin supplementation on the risk of cardiovascular events.^[@bib19]^ Consequently, aspirin may be particularly helpful for people with high tHcy. Furthermore, if high tHcy increases vulnerability to depression,^[@bib8],\ [@bib9]^ one might expect treatment with aspirin to be associated with less depression among individuals with high tHcy. We aimed to test this hypothesis in a large population of elderly men.

Materials and methods
=====================

Participants and setting
------------------------

This study used a population-based sample of older men living in the Perth metropolitan area, the Health In Men Study (HIMS). Details regarding the recruitment of participants have been described elsewhere.^[@bib20]^ Briefly, we recruited a community-representative sample of 19 352 Australian men aged 65--85 years living in the Perth metropolitan area between 1996 and 1998, of whom 12 203 completed the first assessment of HIMS. Five years later, 4247 of the 10 940 surviving men agreed to complete a self-rating health assessment and donate a blood sample for testing (years 2001--2004). Of those, 560 showed evidence of cognitive impairment (Mini-Mental State Examination score\<24) and were excluded from these analyses, leaving a study sample of 3687 participants aged 69--87 years.

The Human Research Ethics Committee of the University of Western Australia approved the study protocol and all men provided written informed consent to participate.

Outcome of interest: current or past clinically significant depression
----------------------------------------------------------------------

Participants were asked to complete the 15-item Geriatric Depression Scale (GDS-15) and, *a priori,* those with a total score of 7 or more were considered to display clinically significant depressive symptoms at the time of assessment. This relatively high cut-point was chosen to ensure high specificity for the diagnosis of depression in this sample.^[@bib21]^ In addition, we asked if a doctor had previously advised them that they had had depression (yes/no) and whether they had ever received treatment for an emotional disorder such as depression (yes/no). We considered that current or past clinically significant depression was present if men answered 'yes\' to either of these two questions or if they had a GDS-15 score⩾7 at the time of assessment. We chose this approach to define the outcome of interest of our study because of the recurrent nature of depression.^[@bib22]^

Explanatory variables
---------------------

We asked our men to list all medications they were consuming at the time of assessment, and used the World Health Organisation Anatomical Therapeutic Chemical classification system to determine whether participants were consuming antidepressants (codes N06A), B-vitamins (code B03B) or aspirin (codes B01AC06, M01BA03, N02BA01, N02BA51 and N02BA71) (World Health Organisation Collaborating Centre for Drug Statistics Methodology, Oslo, Norway, 2005). We also retrieved data on the use of aspirin that had been collected from these men between 1996 and 1998, when participants were asked: 'In the last month have you been taking aspirin tablets to prevent or treat heart disease?\' Possible answers to this question were 'yes\' or 'no\'.

In addition, consenting men completed a self-report questionnaire that included items assessing demographic and clinical information. Age was calculated as the difference in years between the date of the assessment and the subject\'s date of birth, which we then used to create the following age groups: 69--75, 75--79, 80--84, 85+. Participants reported their country of birth (Australia or overseas), highest educational achievement and current living arrangements (living alone as opposed to living with others). Men were asked whether they had ever smoked (yes/no) and whether they were still smoking cigarettes, cigars or the pipe (yes/no). We used these answers to group them as 'never smokers\', 'past smokers\' and 'current smokers\'.

We then retrieved administrative medical information from Western Australian Data Linkage System^[@bib23],\ [@bib24]^ during the 10 years before assessment at HIMS to calculate the Charlson index.^[@bib25]^ The index takes into account 17 common medical conditions that predict 1-year mortality: myocardial infarction, congestive heart failure, peripheral arterial disease, cerebrovascular disease, dementia, chronic pulmonary disease, connective tissue disease, ulcer disease, liver disease, diabetes (including diabetes with end organ damage), hemiplegia, renal disease, leukemia, lymphoma, other tumors, metastatic tumors and AIDS. Charlson and colleagues used adjusted relative risks to assign integer weights to these conditions within a composite index score that ranges from 0 to 37. Coding algorithms to define comorbidities followed the procedures described by Quan *et al.*^[@bib26]^ and scores were calculated using Stagg\'s Charlson\'s index Stata routine (StataCorp, College Station, TX, USA). Charlson weighted scores of 3 or more indicate the presence of significant medical comorbidity.^[@bib25]^

Blood samples were collected between 0800 hours and 1030 hours. Plasma was prepared immediately following phlebotomy and stored at −80 °C until assayed. Biochemical assays were performed in the Department of Biochemistry, PathWest, Royal Perth Hospital, Western Australia. tHcy was measured by fluorescence polarization immunoassay on an IMx analyzer.^[@bib27]^ We defined, *a priori*, that tHcy⩾15 μmol l^−1^ was abnormally high.^[@bib8]^

Statistical analyses
--------------------

Data were analyzed with the statistical package Stata release 12.1 (StataCorp). We used descriptive statistics (mean, s.d. of the mean (s.d.), proportions) to summarize our data, and Pearson\'s *χ*^2^ statistic to test the distribution of demographic, lifestyle, clinical, medications and tHcy variables according to group membership ([Table 1](#tbl1){ref-type="table"}). We then ran a series of multivariate logistic regression analyses using depression as the dependent variable; high tHcy, aspirin and use of B-vitamins as the independent variables (including interaction terms); and age, origin, education, living arrangements, smoking, the Charlson index and use of antidepressants as confounding variables. We used the backwards approach to remove confounding variables from the analyses if they were not independently associated with depression (*P*\>0.1) or contributed \<5% to the pseudo-*R*^2^ of the model. The risk ratio of these models corresponds to the odds ratio (OR) and their 95% confidence interval (95% CI). Finally, we tested the goodness of fit of the model using the Hosmer--Lemeshow test.

Alpha was set at 5% and all probability tests reported in this paper were two-tailed.

Results
=======

The study sample included 3687 men aged 69--87 years (mean=75.2, s.d.=4.1). Their demographic, lifestyle and clinical characteristics are summarized in [Table 1](#tbl1){ref-type="table"}. A total of 513 men (13.9%) showed evidence of current (*n*=165) or past depression. A larger proportion of men with than without depression was living alone and reported past or current smoking. They also had greater medical comorbidity, high tHcy, and were using B-vitamins and antidepressants more frequently than their non-depressed counterparts ([Table 1](#tbl1){ref-type="table"}).

Nine hundred and thirty-four men had tHcy⩾15 μmol l^−1^ (25.3%). High tHcy was less frequent in the younger compared with older age groups, and more prevalent among migrants and those living alone. There was also an excess of past or current smokers among those with high tHcy, and a greater prevalence of significant medical comorbidity. Consumption of antidepressants and B-vitamins was more prevalent in men with than without high tHcy ([Table 1](#tbl1){ref-type="table"}).

Finally, aspirin use was less frequent among young than old older adults as well as migrants, but more frequent among those with significant comorbidity or who were using antidepressants. The use of B-vitamins was also more prevalent among migrants, men with significant comorbidity and those with high tHcy ([Table 1](#tbl1){ref-type="table"}).

Multivariate logistic regression showed that the odds of depression were 1.80 (95% CI=1.39--2.35) for high tHcy, 1.18 (95% CI=0.94--1.48) for aspirin, 2.12 (95% CI=1.38--3.24) for B-vitamins, 0.60 (95% CI=0.40--0.92) for the interaction between high tHcy and aspirin use and 0.60 (95% CI=0.20--1.79) for the interaction between high tHcy and B-vitamin use. We then entered all variables listed in [Table 1](#tbl1){ref-type="table"} into a regression model and removed them one at a time until the best possible fit was found. This parsimonious model included the following additional variables: smoking history, Charlson index grouping and use of antidepressants. High tHcy was associated with increased odds of depression (OR=1.60, 95% CI=1.20--2.14), as was the use of B-vitamins (OR=1.95, 95% CI=1.21--3.13). There was an interaction between high tHcy and aspirin use (OR=0.57, 95% CI=0.36--0.91), but not between high tHcy and B-vitamin use (OR=0.80, 95% CI=0.26--2.46). [Figure 1](#fig1){ref-type="fig"} illustrates these findings. The Hosmer--Lemeshow test assessing goodness of fit of the model confirmed that observed and expected outcomes did not differ significantly (*X*^2^\[60\]=60.98, *P*=0.440). We did not complete the analysis of the three-way interaction between high tHcy, aspirin and B-vitamin because of a very large s.e.(that is, 5.39) of the OR caused by the presence of only three persons in the cell associated with depression.

Discussion
==========

The results of this study confirmed that high tHcy is associated with an increased risk of depression and showed, for the first time, that the use of aspirin is associated a significantly lower risk among older men with high tHcy. These findings suggest that if high tHcy is a true cause of depression in later life,^[@bib8],\ [@bib9],\ [@bib12]^ then aspirin could attenuate the incidence of depression among high-risk individuals in later life.

This study has several strengths. HIMS originated from a large community-representative sample of older men for whom a wealth of clinical and administrative data are available.^[@bib20]^ This enabled us to exclude participants who showed evidence of cognitive impairment (which is associated with both high tHcy and depression), ascertain the use of aspirin, vitamin B and antidepressants, gain access to tHcy, and adjust our analyses for factors known to influence tHcy, such as smoking and medical comorbidities.^[@bib27]^ In addition, this investigation was sufficiently large to allow us to investigate interactions between exposures of interest and depression, although we lacked sufficient power to explore the three-way interaction between high tHcy, aspirin and vitamin B use because of the low prevalence of vitamin B consumption in the sample. We acknowledge, however, that the cross-sectional design of the study limits our ability to infer causality between the exposures and depression, and that reverse causality is possible. For example, a large proportion of older men with than without prevalent cardiovascular diseases might be in contact with health services, which would enhance the opportunistic diagnosis of depression and increase antidepressant treatment. Such men may also be more frequent users of aspirin and have high tHcy. Consequently, a lower proportion of men with high tHcy who are using aspirin would be expected to present with clinically significant depressive symptoms (because they are more likely to have health contacts and receive treatment). We have addressed this issue by retrieving Western Australian Data Linkage System data on depression and comorbidity recorded before the assessment for HIMS, and by adjusting our analyses for the use of antidepressants. The adjusted analyses indicate that our findings cannot be easily attributed to reverse causality or confounding due to the use of antidepressants.

We did not have access to information about the use of aspirin after the start of the follow-up period, and it is conceivable that any such changes could have had an effect on depression as an outcome. For example, if non-users with high tHcy initiated consumption of aspirin during follow-up, differences between the study groups would have been attenuated, and this would have biased the results toward the null hypothesis. A similar move toward the null hypothesis would have been associated with status change from user to non-user. Therefore, the 'antidepressant effect\' of aspirin that we observed in this study cannot be easily explained by change in the consumption of aspirin during follow-up.

Our definition of 'depression\' was not based on a structured psychiatric interview or use of accepted diagnostic guidelines, such as ICD-10 and DSM-IV-TR. Previous studies have shown that GDS-15 scores of 7 or greater have good face validity for the diagnosis of a depressive episode according to both the ICD and DSM systems,^[@bib21]^ and the additional use of administrative data linkage would have ensured high specificity for cases, although sensitivity might have been suboptimal because people with less severe depressive symptoms might not come into contact with the Western Australian hospital system. The most likely consequence of such a bias would have been loss of power to explore associations with depression, possibly compromising our ability to examine the interaction between high tHcy and B-vitamin use on depression. In addition, we adjusted our analyses for factors known to increase tHcy and the risk of depression (such as smoking and comorbidities), but concede that our adjustments were not exhaustive and that residual confounding might explain some of the observed associations. Finally, we acknowledge that our data are limited to older men and we cannot be certain that similar results would have been found for women or younger adults.

A recent meta-analysis of over 200 genetic epidemiological studies that correlated strokes with tHcy and the methylene tetrahydrofolate reductase C677T polymorphism in 60 000 people found that B-vitamin intake (particularly folate) is unlikely to reduce the risk of subsequent strokes in countries where folate supplementation of wheat is mandatory,^[@bib28]^ suggesting that consumption of these vitamins might fail to reduce the health hazards associated with high tHcy if there is no overt vitamin deficiency. Furthermore, any possible cardiovascular benefit of supplementation with B-vitamins might be entirely overridden by the concomitant use of antiplatelet therapy (such as aspirin),^[@bib19],\ [@bib29]^ suggesting that aspirin consumption may be a more helpful way of modifying the cardiovascular risk associated with high tHcy. This might explain our negative findings regarding the use of B-vitamins and risk of depression, even for older men with high tHcy. Indeed, it is possible that current optimistic views about the potential benefits of B-vitamins for the management of depression may lead to its overuse by people who are experiencing relevant symptoms, thus explaining the increased odds of depression that we observed among B-vitamin consumers (that is, prescription bias).

We have previously argued that the use of aspirin could potentially increase the risk of depression in later life because of bleeding and of other medical complications.^[@bib30]^ That argument did not take into account the potential interaction between aspirin use and high tHcy, which is a well-established risk factor for both cardiovascular diseases and depression.^[@bib8],\ [@bib11]^ At this point, we can only speculate about the mechanisms by which aspirin modifies the risk of depression in older people with high tHcy. Aspirin might counteract the increased adhesive properties of platelets induced by high tHcy^[@bib17]^ or, alternatively, stimulate the release of monoamines that is partly compromised by dysfunction on one-carbon methylation associated with elevated tHcy.^[@bib31],\ [@bib32]^ Regardless the physiological pathway, the results of this study indicate that older men with high tHcy who use aspirin have lower risk of depression, and suggest that antiplatelet therapy may be an effective preventive or management strategy for these cases. Randomized trials are required to confirm the antidepressant effect of aspirin in older persons with high tHcy. Future trials should test the efficacy of aspirin as an adjunctive therapy to standard antidepressants, as treatment with aspirin alone would be ethically questionable. No such concerns would limit the design of a placebo-controlled trial of aspirin to prevent depressive episodes in older people with high tHcy, particularly because homocysteine-lowering treatment with B-vitamins seems to have questionable impact on novel cardiovascular events and future depression.^[@bib14],\ [@bib33]^
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###### Demographic, lifestyle and clinical characteristics of older men included in this study, as well as those with depression, tHcy⩾15 μmol l^−1^ or who were using aspirin and B-vitamins

                           *Study population* N*=3687*   *Depression* N=*513*   *tHcy*⩾*15* *μmol* *l* N=*934*    *Aspirin use* N=*1511*  *B-vitamin use* N=*154*                                      
  ------------------------ ----------------------------- ---------------------- -------------------------------- ------------------------ ------------------------- ------------ --------- ----------- ---------
  tHcy⩾15 μmol l           934 (25.3)                    161 (31.4)             0.001                                      ---            ---                       387 (25.6)   0.745     24 (15.6)   0.004
  Aspirin use              1511 (41.0)                   213 (41.5)             0.789                                   387 (41.4)        0.745                     ---          ---       73 (47.4)   0.098
  B-vitamin use            154 (4.2)                     35 (6.8)               0.001                                    24 (2.6)         0.004                     73 (4.8)     0.098     ---         ---
                                                                                                                                                                                                        
  *Age in years*                                                                0.061                                                     \<0.001                                0.001                 0.380
   69--74                  1849 (50.1)                   230 (44.8)                                                     356 (38.1)                                  709 (46.9)             67 (43.5)    
   75--79                  1218 (33.0)                   183 (35.7)                                                     353 (37.8)                                  512 (33.9)             58 (37.7)    
   80--84                  531 (14.4)                    87 (17.0)                                                      181 (19.4)                                  256 (16.9)             24 (15.6)    
   85+                     89 (2.4)                      13 (2.5)                                                        44 (4.7)                                   34 (2.2)               5 (3.2)      
                                                                                                                                                                                                        
  Australian migrant       1379 (37.4)                   181 (35.3)             0.280                                   488 (43.7)        \<0.001                   527 (34.9)   0.009     69 (45.1)   0.045
  Education:⩾high school   1861 (50.5)                   268 (52.2)             0.399                                   460 (49.3)        0.391                     772 (51.2)   0.515     87 (56.9)   0.109
  Living alone             597 (16.2)                    100 (19.5)             0.029                                   186 (19.9)        \<0.001                   247 (16.3)   0.832     31 (20.1)   0.175
                                                                                                                                                                                                        
  *Smoking*                                                                     \<0.001                                                   \<0.001                                0.054                 0.557
   Never                   1243 (33.7)                   136 (26.5)                                                     258 (27.7)                                  504 (33.4)             52 (33.8)    
   Past                    2254 (61.2)                   340 (66.3)                                                     623 (66.8)                                  944 (62.5)             97 (63.0)    
   Current                 188 (5.1)                     37 (7.2)                                                        51 (5.5)                                   62 (4.1)               5 (3.2)      
                                                                                                                                                                                                        
  Charlson index⩾3         473 (12.8)                    105 (20.5)             \<0.001                                 189 (20.2)        \<0.001                   247 (16.3)   \<0.001   36 (23.4)   \<0.001
  Antidepressant use       220 (6.0)                     153 (29.8)             \<0.001                                  69 (7.4)         0.034                     112 (7.4)    0.002     12 (7.8)    0.329

Abbreviation: tHcy, total plasma homocysteine.

The *P*-values were derived from unadjusted Pearson *χ*^2^ statistic and indicate the probability that the relevant exposures were associated with the respective group membership.
